Abstract Prolapse of a uterine tube is a rare event after hysterectomy with adnexal conservation. It has been described in the literature after abdominal or vaginal hysterectomy. We report two cases occurring after total laparoscopic hysterectomy. Both patients presented with pelvic pain and vaginal discharge. The diagnosis was clinically suspected and was investigated using transvaginal ultrasonography. The diagnosis may be helped by histopathology. The diagnosis was confirmed by laparoscopy, and both patients were managed laparoscopically without complications.
Introduction
Prolapse of a Fallopian tube at the level of the vaginal vault is a rare complication of hysterectomy with ovarian conservation. Thus, it is rarely suspected and poorly diagnosed. We describe two cases of pyosalpinges resulting from hernia of the uterine tube through the vaginal vault in women who had undergone a laparoscopic hysterectomy. The diagnosis was suspected clinically, and confirmed by laparoscopic visualization. Both cases were treated laparoscopically.
Case presentation

Case 1
The first patient was 50 years old when she underwent a total laparoscopic hysterectomy with ovarian conservation in 1993 for menorrhagia and suspected adenomyosis. This was an uncomplicated procedure. She became menopausal shortly after and received transcutaneous hormonal replacement therapy.
She presented 10 years later with pelvic pain, fever, and leucorrhoea. Clinical examination found a mass in the posterior fornix that was painful to the touch. It was not possible to accurately identify the lesion under speculum examination, apart from the malodorous discharge. Ultrasound examination showed a collection that was suspicious of a hydrosalpinx: a cystic mass, predominantly anechoic, of an oblong sausage shape, without vegetations, and showing hypervascular walls on Doppler imaging.
Laparoscopy confirmed the presence of a large rightsided pyosalpinx, fixed and adherent to the vaginal vault. Puncture of this lesion brought forth a purulent fluid (Fig. 1) . Treatment consisted of a bilateral salpingo-oophorectomy with resection of the likely sinus and opening of the vaginal vault (Fig. 2) . The vault was then sutured with interrupted figure-of-eight sutures using poliglecaprone 0 at two points (Fig. 3) . This procedure was performed completely laparoscopically.
Case 2
This patient was a 43-year-old G6P5, operated on in 2002, who underwent a total laparoscopic hysterectomy with ovarian conservation for metrorrhagia. She was noted to have a large fibroid uterus. The operation and the postoperative course were uneventful.
Of note, the patient had type II diabetes and had an increased body mass index. She presented 6 months later with vaginal bleeding, malodorous vaginal discharge, and dyspareunia. Clinically, the fimbrial end of the uterine tube could be seen at the left angle of the vaginal vault (Fig. 4) . A biopsy was taken, and the finding was reported as a mucoid polyp with inflammation and suspicion of neoplastic cells. Ultrasound examination showed a possible hydrosalpinx.
Laparoscopy was undertaken and confirmed partial separation of the vaginal vault with incarceration of the left uterine tube (Fig. 5) . A left salpingo-oophorectomy was carried out, with resuturing of the vaginal vault with figure-of-eight sutures at two points with poliglecaprone 0. Once again, this was performed completely laparoscopically. The histology confirmed an infected hydrosalpinx.
Discussion
Prolapse of the fallopian tube is a rare but recognized complication after hysterectomy. A Medline search was performed using keywords ''uterine tube'', ''oviduct'' and ''fallopian tube'' in conjunction with ''prolapse''. A secondary search of the listed references was also performed. There have been well over 100 cases in over 50 publications reported in the literature since the condition was first described in 1902 [53] . Whilst the true incidence of tubal prolapse is unknown, Piacenza and Salsano [6] estimate that it occurs in approximately 1.3% of hysterectomies. Whilst most authors have described an increased frequency with vaginal hysterectomy [11, 14, 21, 26] , a review of 8444 cases found 18 cases of prolapsed tube and the majority (65%) were associated with abdominal hysterectomy [9] . This complication has also been reported via the combined laparovaginal route.
For a tubal prolapse to occur there must be a communication between the peritoneal cavity and the vagina. Thus, Fallopian tube prolapse has been variously associated with Filshie clip prolapse [11] , ectopic and abdominal pregnancy [54, 55] , torsion [52] , pneumoperitoneum (post-coital) [39] , abscess and fistula [38] . Occasional cases of true evisceration have also been reported following hysterectomy [56] [57] [58] . Whilst inflammation has been reported on biopsy and histopathology, associated salpingitis has been noted far less commonly [10] . More recently, there has been a case of a herniation of the fimbrial end of the fallopian tube after a subtotal hysterectomy [3] .
These two presentations of pyosalpinx are currently the only cases of tubal prolapse reported after a total laparoscopic hysterectomy. These cases were clinically more obvious, leading to rapid diagnosis and intervention. The symptomatology of the herniated tube is predominantly that of pain, dyspareunia and bleeding [12] . Other symptoms include leucorrhoea or a foul-smelling discharge, chronic midline or unilateral pelvic pain [14] . The presence of a malodorous discharge is a clear pointer to an infectious process. It should cause the gynaecologist, in the absence of a vulval or vaginal cause, to consider the possibility of a pyosalpinx. It is rare for this to be an incidental finding in an asymptomatic patient [46] . Although Ramin et al. [9] report that 5 of the 17 women in their series of 8444 cases with uterine tube prolapse were asymptomatic, it is not clear how these women were identified.
Vaginal palpation or manipulation of a visualized lesion may reproduce the pain experienced by the patient. The clinical findings are not always obvious. However, a lesion may resemble granulation tissue, or may actually be seen as the prolapsed fimbrial end of the uterine tube [19, 21] . The time interval before clinical expression is variable and may be present within a few months (early prolapse) or as much as 28 years later [24] (late prolapse) such as in our first case. We theorize that when there is an early prolapse, it is likely to be associated with excessive physical activity or early sexual activity, leading to weakening of the vaginal vault scar. Our second patient was a grand multiparous woman. She was a difficult anaesthetic case, and was noted to be agitated in recovery.
Other predisposing factors have previously been proposed and discussed [6, 24, 36, 43, 44, 49] . These include insufficient preoperative vaginal preparation, difficult surgical procedure, postoperative fever, the formation of haematomas, an open vaginal cuff, low socioeconomic status, use of polyglactin polymer sutures, and use of transvaginal drains or packs. Muntz et al. [21] , however, support the use of drains to prevent stagnation of any haematoserous fluid that has the potential to become infected. Though the postmenopausal period has been identified as a risk factor, there is a greater disposition towards younger patients [9] . Piacenza and Salsano [6] theorize that a tubal end would only be more likely to herniate if it was sufficiently long and mobile, accounting for the rarity of the condition. This is reasonable, given that not all women with discharge of vault haematomas end up having prolapsed tubes. There is disagreement as to which tube is more likely to prolapse [9, 44] , and there would not appear to be any anatomical factor favouring one side or the other.
The diagnosis is difficult to make, suggesting the usefulness of biopsy of the vaginal vault and investigation by ultrasound, though Muntz et al. [21] did not find it useful in their two-patient case report as small specimens showing acute and chronic inflammatory changes could not distinguish it from simple granulation tissue. Nonetheless, histopathology has also erroneously diagnosed cases to be papillary adenocarcinoma [24] or granulation tissue [21] or other rarer diagnoses [8] . Wolfendale [27] describes typical cytology with small occasionally ciliated columnar cells with prominent nucleoli. However, columnar cells on a vault smear are usually associated with malignancy. Thus, we would recommend biopsy as the initial investigation in favour of cytology.
In these two cases, the infection leading to pyosalpinx was probably due to incarceration of the tube within the suture line of the vault or a progressive formation of a sinus in the vaginal vault. Microbial colonization is presumably exogenic since in the first case, the contralateral tube was free of infection. Thus, it is unlikely to have resulted from haematogenous spread.
Total salpingectomy is advocated as the optimal management as recurrent symptoms have been reported after partial salpingectomy [23, 29, 34] . This is clearly necessary where salpingitis and pyosalpinx are present. We agree with those authors who advocate salpingooophorectomy, even in younger age groups if the woman has finished her family, due to the concern that the ovary has been involved in inflammatory processes [14] .
Abdominal and vaginal techniques have been used to treat the prolapse, and the combined laparoscopic-vaginal approach has been advocated to avoid a prolonged hospital stay [20, 29] . Laparoscopic management seems to be the best way to simultaneously make the diagnosis with certainty, explore the pelvic cavity, and carry out definitive treatment, under superior vision. In our two cases, the vault was reopened laparoscopically, and definitive treatment comprising salpingo-oophorectomy was undertaken. The vault was closed in one layer with poliglecaprone 0 using interrupted figure-of-eight sutures in both patients. They had an uncomplicated postoperative course and were discharged the next day.
The importance of fascial approximation when closing the vaginal cuff has been emphasized [14, 46] . Peritonization was previously performed systematically in hysterectomies. However, it has been abandoned by many [59, 60] . In the series of Ramin et al., 11 of the 18 cases had peritoneal closure, with five unknown. Thus, peritoneal closure does not seem to be protective, and the lack of peritonization in hysterectomies performed laparoscopically would not appear to be a risk factor for tubal prolapse [9] .
Nonetheless, the prevention of this type of complication necessitates meticulous suturing of the vagina to ensure accurate approximation. We recommend a slow reabsorbable suture, and the utilization of local oestrogen therapy postoperatively where atrophy is clearly present in order to assist scar formation and healing. Some practitioners may favour systemic therapy. One can also perform bilateral ovariopexy, a technique initiated to prevent adnexal torsion after laparoscopic hysterectomy [61] . A total laparoscopic approach, in particular, gives the surgeon(s) the ability to visualize the vault at close quarters and ensures precise approximation of the vaginal cuff. The majority of pelvic adhesions can be dissected laparoscopically, and when infection is present, such as in our two patients, thorough irrigation of the pelvis can be performed under vision. Laparoscopy also enables the surgeon to enforce strict haemostasis making a drain unnecessary.
In conclusion, pyosalpinx associated with tubal prolapse after total hysterectomy is rare. Tubal prolapse associated with total laparoscopic hysterectomy has not been reported before, probably due to its more recent advent in laparoscopic gynaecology. The diagnosis can be difficult but may be made through a combination of clinical examination and findings on biopsy and ultrasound. Laparoscopy is a suitable tool to both diagnose and treat the condition in its entirety, without resorting to a vaginal approach. Careful and precise surgical technique in performing the hysterectomy may prevent the problem from occurring.
